Introduction {#H1-1-ZOI200142}
============

The CHA~2~DS~2~-VASc score (congestive heart failure, hypertension, age 75 years or older, diabetes, prior stroke/transient ischemic attack--vascular disease, age 65-74 years, sex category) is widely used in Europe and the United States for thromboembolic risk stratification in patients with nonvalvular atrial fibrillation (NVAF),^[@zoi200142r1],[@zoi200142r2]^ whereas CHADS~2~ (congestive heart failure, hypertension, aged 75 years or older, diabetes, prior stroke/transient ischemic attack) score is used in Japan.^[@zoi200142r3]^ In a previous study,^[@zoi200142r4]^ we showed that both scores are useful for risk stratification in Japanese NVAF patients. But all CHADS~2~ score factors may not necessarily represent risks for thromboembolism. Our previous pooled data of the J-RHYTHM (Japanese Rhythm Management Trial for Atrial Fibrillation) Registry, Fushimi AF Registry, and Shinken Database showed that, for patients without oral anticoagulants (OAC), age 75 years or older, hypertension, and previous stroke or transient ischemic attack were independent risk factors associated with ischemic stroke, but diabetes or heart failure were not.^[@zoi200142r5]^ The pooled data also showed that the annual ischemic stroke rate was 0.9%, 1.5%, and 2.7% in individuals with a CHADS~2~ score of 1, 2, and 3, respectively, which was lower than those shown in the original data.^[@zoi200142r5],[@zoi200142r6]^ These findings suggest some differences in risk factors associated with thromboembolism by race and region.

Several novel risk factors in Japanese patients have been identified in the Fushimi AF, J-RHYTHM, and Hokuriku-Plus AF registries, including persistent or permanent AF, low body weight, anemia, and kidney dysfunction.^[@zoi200142r7],[@zoi200142r8],[@zoi200142r9],[@zoi200142r10],[@zoi200142r11]^ Furthermore, female sex was shown not to be a risk for thromboembolism in the Japanese population.^[@zoi200142r12]^ However, these results were obtained from a Japanese registry in which the patient demographic characteristics, especially mean age and risk for thromboembolism, were somewhat different from each other. In the present study, we pooled the data from the 5 AF prospective registries in Japan and assessed risk factors associated with ischemic stroke in the Japanese patients with NVAF.

Methods {#H1-2-ZOI200142}
=======

Study Patients {#H2-1-ZOI200142}
--------------

We pooled the data from 5 major AF prospective registries in Japan: J-RHYTHM Registry (7937 patients),^[@zoi200142r13]^ Fushimi AF Registry (3749 patients),^[@zoi200142r14]^ Shinken Database (2957 patients),^[@zoi200142r15]^ Keio Interhospital Cardiovascular Studies (Keio Study) (783 patients),^[@zoi200142r16]^ and Hokuriku-Plus AF Registry (1492 patients).^[@zoi200142r11]^ The data from each registry were collected and integrated in March 2016, and those from the Keio Study were updated in April 2018. A total of 819 patients with valvular AF and 3810 lacking complete data were excluded ([Figure](#zoi200142f1){ref-type="fig"}; eTable 1 in the [Supplement](#note-ZOI200142-1-s){ref-type="supplementary-material"}). In total, 12 289 patients with NVAF were analyzed. Among the data collected in each registry, age, sex, congestive heart failure, hypertension, diabetes, previous stroke, vascular disease, type of AF (paroxysmal vs persistent or permanent), body mass index (BMI), creatinine level, and administration of OAC at enrollment were analyzed in this study. Researchers determined CHADS~2~ and CHA~2~DS~2~-VASc scores for each patient at enrollment. In this study, we focused on the incidence of ischemic stroke events. To balance the follow-up period among the registries, event data from individuals whose follow-up period exceeded 730 days were excluded from the analysis.

![Flowchart of the Study Patients^a^\
^a^Registries included in this study are: J-RHYTHM (Japanese Rhythm Management Trial for Atrial Fibrillation) Registry, Fushimi AF Registry, Shinken Database, Keio Interhospital Cardiovascular Studies, and Hokuriku-Plus AF Registry. NVAF indicates nonvalvular atrial fibrillation.](jamanetwopen-3-e202881-g001){#zoi200142f1}

This study was approved and an exemption of informed consent was granted by the ethics committee of the Hirosaki University Graduate School of Medicine, Hirosaki, Japan, because the integrated data used did not include personally identifiable information. This study followed Strengthening the Reporting of Observational Studies in Epidemiology ([STROBE](https://www.equator-network.org/reporting-guidelines/strobe/)) reporting guidelines.

Characteristics of Each Registry {#H2-2-ZOI200142}
--------------------------------

The patient demographic characteristics of each registry have been published previously.^[@zoi200142r11],[@zoi200142r13],[@zoi200142r14],[@zoi200142r15],[@zoi200142r16]^ Briefly, the J-RHYTHM Registry was a prospective, observational cohort study aiming to determine the current status of anticoagulation therapy in Japanese patients with AF.^[@zoi200142r13]^ A total of 7937 patients with AF, with or without warfarin treatment, from 158 institutions throughout Japan were registered between January and July 2009. The Fushimi AF Registry was a community-based survey of patients with AF aiming to enroll all patients in Fushimi-ku, Kyoto, Japan.^[@zoi200142r14]^ It enrolled 3183 patients with or without OAC. The Shinken Database was a prospective cohort study enrolling new patients with AF who visited the Cardiovascular Institute Hospital in Tokyo, Japan.^[@zoi200142r15]^ The Keio Study was a multicenter registry-based retrospective cohort study collecting outcome data from consecutive newly diagnosed patients with AF at 11 hospitals within the Kanto area of Japan.^[@zoi200142r16]^ The Hokuriku-Plus AF Registry was a prospective, observational cohort study enrolling patients from 19 institutions in the Hokuriku and Yokohama areas of Japan.^[@zoi200142r11]^ Patient registration period and definition of risk factors (congestive heart failure, hypertension, diabetes, vascular diseases) in each registry are shown in eTable 2 in the [Supplement](#note-ZOI200142-1-s){ref-type="supplementary-material"}.

Statistical Analysis {#H2-3-ZOI200142}
--------------------

Data were expressed as mean (standard deviation) or number (percentage). Kaplan-Meier analysis was conducted with numbers at risk shown in 0-, 200-, 400-, and 600-day intervals. Cox proportional hazards models were used to calculate hazard ratio (HR) and 95% confidence interval for incidence of ischemic stroke events; significant risk factors were estimated. Also, a competing risk regression model was used to consider death prior to stroke. To account for missing data, multiple imputation analysis with 20 imputations was performed. Furthermore, shared frailty analysis was performed to assess differences in the registries. Statistical analyses were performed using STATA version 16 (StataCorp). Statistical significance was set at 2-sided *P* \< .05.

Results {#H1-3-ZOI200142}
=======

Clinical Profiles of the Study Patients {#H2-4-ZOI200142}
---------------------------------------

[Table 1](#zoi200142t1){ref-type="table"} shows the profiles of the 12 289 patients with NVAF (mean \[SD\] age, 70.2 \[11.0\] years; 3758 \[31%\] female). Mean (SD) CHADS~2~ and CHA~2~DS~2~-VASc scores were 1.7 (1.3) and 2.9 (1.7), respectively. The numbers of patients with no OAC, warfarin, and direct oral anticoagulant (DOAC) were 3197 (26%), 7886 (64%), and 1206 (10%), respectively. Mean (SD) follow-up was 649 (181) days (1.8 \[0.5\] years).

###### Characteristics of the Study Patients^a^

  Characteristic                      No. (%)                                                     
  ----------------------------------- ----------- ----------- ----------- ----------- ----------- -----------
  Age, y                                                                                          
  Mean (SD)                           70.2 (11)   69.7 (10)   74.1 (11)   63.7 (12)   66.5 (12)   72.4 (10)
  \<75                                7665 (63)   3897 (66)   1398 (47)   1246 (81)   405 (73)    719 (55)
  75-84                               3735 (30)   1773 (30)   1130 (38)   251 (16)    122 (22)    459 (35)
  ≥85                                 889 (7)     258 (4)     443 (15)    37 (3)      26 (5)      125 (10)
  Female                              3758 (31)   1707 (29)   1182 (40)   361 (24)    152 (28)    356 (27)
  Congestive heart failure            3258 (27)   1698 (29)   876 (30)    180 (12)    85 (15)     419 (32)
  Hypertension                        8971 (73)   4608 (78)   2344 (79)   660 (43)    469 (85)    890 (68)
  Diabetes                            2541 (21)   1119 (19)   746 (25)    223 (15)    88 (16)     365 (28)
  Previous stroke                     1729 (14)   843 (14)    582 (20)    79 (5)      47 (9)      178 (14)
  Vascular disease                    1703 (14)   661 (11)    566 (19)    118 (8)     69 (13)     289 (22)
  CHADS~2~ score, mean (SD)           1.7 (1.3)   1.7 (1.2)   2.1 (1.3)   1.2 (1.1)   1.3 (1.2)   2.0 (1.3)
  0                                   1965 (16)   893 (15)    287 (10)    469 (30)    157 (29)    159 (12)
  1                                   3920 (32)   2041 (34)   794 (26)    533 (35)    190 (34)    362 (28)
  ≥2                                  6404 (52)   2994 (51)   1890 (64)   532 (35)    206 (37)    782 (60)
  CHA~2~DS~2~-VASc score, mean (SD)   2.9 (1.7)   2.8 (1.6)   3.5 (1.7)   2.0 (1.6)   2.3 (1.8)   3.3 (1.7)
  0                                   890 (7)     372 (6)     89 (3)      297 (19)    85 (15)     47 (4)
  1                                   1830 (15)   901 (15)    290 (10)    370 (24)    121 (22)    148 (11)
  ≥2                                  9569 (78)   4655 (79)   2592 (87)   867 (57)    337 (63)    1108 (85)
  Type of atrial fibrillation                                                                     
  Paroxysmal                          5504 (45)   2254 (38)   1456 (49)   979 (64)    319 (58)    496 (38)
  Persistent or permanent             6785 (55)   3674 (62)   1515 (51)   555 (36)    234 (42)    807 (62)
  Body mass index^b^                                                                              
  \<18.5                              895 (7)     363 (6)     336 (11)    84 (6)      33 (6)      79 (6)
  18.5-24.9                           7562 (62)   3685 (62)   1811 (61)   930 (61)    339 (61)    797 (61)
  ≥25                                 3832 (31)   1880 (32)   824 (28)    520 (34)    181 (33)    427 (33)
  Creatinine ≥1.0 mg/dL               3821 (31)   1927 (32)   951 (32)    398 (26)    168 (30)    377(29)
  Low hemoglobin^c^                   3256 (27)   1373 (23)   1137 (38)   303 (20)    89 (16)     354 (27)
  Follow-up period, mean (SD), d      649 (181)   682 (136)   612 (197)   547 (273)   711 (87)    672 (152)
  Oral anticoagulant                                                                              
  None                                3197 (26)   745 (13)    1373 (46)   783 (51)    107 (19)    189 (15)
  Warfarin                            7886 (64)   5183 (87)   1361 (46)   528 (34)    119 (22)    695 (53)
  Direct oral anticoagulant           1206 (10)   0           237 (8)     223 (15)    327 (59)    419 (32)

Abbreviations: AF, atrial fibrillation; CHADS~2~, congestive heart failure, hypertension, age 75 years or older, diabetes, prior stroke/transient ischemic attack; CHA~2~DS~2~-VASc, congestive heart failure, hypertension, age 75 years or older, diabetes, prior stroke/transient ischemic attack--vascular disease, age 65-74, sex category.

SI conversion factors: To convert creatinine to μmol/L, multiply by 76.25; hemoglobin to g/L, multiply by 10.0.

Individual patient data from 5 atrial fibrillation registries in Japan: Japanese Rhythm Management Trial for Atrial Fibrillation Registry (J-RHYTHM), Fushimi AF Registry (Fushimi), Shinken Database (Shinken), Keio Interhospital Cardiovascular Studies (Keio), and Hokuriku-Plus AF Registry (Hokuriku) were collected and integrated.

Calculated as weight in kilograms divided by height in meters squared.

Low hemoglobin was defined as less than 13 g/dL for male participants and less than 12 g/dL for female participants.

Risk Factors Associated With Ischemic Stroke {#H2-5-ZOI200142}
--------------------------------------------

During 21 820 person-years of follow-up, 241 cases of ischemic stroke were reported. Univariate, multivariable, and stepwise Cox proportional hazards models were used to determine significant risk factors for the incidence of ischemic stroke ([Table 2](#zoi200142t2){ref-type="table"}). A stepwise analysis showed that age (75-84 years: HR, 1.74; 95% CI, 1.32-2.30; *P* \< .001; and ≥85 years: HR, 2.41; 95% CI, 1.63-3.56; *P* \< .001), hypertension (HR, 1.60; 95% CI, 1.15-2.23; *P* = .006), previous stroke (HR, 2.75; 95% CI, 2.09-3.62; *P* \< .001), persistent or permanent AF (HR, 1.59; 95% CI, 1.21-2.10; *P* = .001), and BMI less than 18.5 (calculated as weight in kilograms divided by height in meters squared) (HR, 1.55; 95% CI, 1.05-2.29; *P* = .03) were significant risk factors associated with ischemic stroke after adjusting OAC administration at enrollment. Multivariable analysis also supported these results ([Table 2](#zoi200142t2){ref-type="table"}). Of note, 57 patients whose only risk factor was low BMI had no ischemic stroke event.

###### Univariate and Multivariable Analyses by Cox Proportional Hazards Model

  Characteristic                                Univariate         Multivariable   Stepwise                                       
  --------------------------------------------- ------------------ --------------- ------------------ -------- ------------------ --------
  Age, y                                                                                                                          
  \<75                                          1 \[Reference\]                    1 \[Reference\]             1 \[Reference\]    
  75-84                                         2.03 (1.54,2.67)   \<.001          1.60 (1.19-2.13)   .002     1.74 (1.32-2.30)   \<.001
  ≥85                                           3.57 (2.46-5.18)   \<.001          2.04 (1.34-3.09)   .001     2.41 (1.63-3.56)   \<.001
  Female                                        1.36 (1.05-1.76)   .02             1.19 (0.90-1.58)   .22                         
  Congestive heart failure                      1.48 (1.14-1.93)   .004            1.08 (0.81-1.44)   .59                         
  Hypertension                                  1.63 (1.18-2.27)   .003            1.51 (1.08-2.12)   .02      1.60 (1.15-2.23)   .006
  Diabetes                                      1.21 (0.90-1.62)   .21             1.09 (0.81-1.47)   .57                         
  Previous stroke                               3.08 (2.36-4.03)   \<.001          2.72 (2.06-3.58)   \<.001   2.75 (2.09-3.62)   \<.001
  Vascular disease                              1.34 (0.96-1.87)   .09             1.03 (0.73-1.46)   .85                         
  Persistent or permanent atrial fibrillation   1.61 (1.23-2.11)   \<.001          1.58 (1.19-2.10)   .002     1.59 (1.21-2.10)   .001
  Body mass index \<18.5^a^                     1.96 (1.34-2.87)   .001            1.47 (0.98-2.19)   .06      1.55 (1.05-2.29)   .03
  Creatinine ≥1.0 mg/dL                         1.47 (1.13-1.90)   .004            1.21 (0.92-1.60)   .18                         
  Low hemoglobin^b^                             1.73 (1.33-2.24)   \<.001          1.18 (0.88-1.57)   .26                         
  No oral anticoagulant                         1.49 (1.14-1.95)   .004            1.86 (1.40-2.47)   \<.001   1.86 (1.40-2.47)   \<.001

SI conversion factors: To convert creatinine to μmol/L, multiply by 76.25; hemoglobin to g/L, multiply by 10.0.

Calculated as weight in kilograms divided by height in meters squared.

Low hemoglobin is defined as less than 13 g/dL for male participants and less than 12 g/dL for female participants.

We observed 26 deaths prior to the incidence of an ischemic stroke event. We evaluated the effect of these deaths on the data using a competing risk regression model, and the analysis showed similar results (eTable 3 in the [Supplement](#note-ZOI200142-1-s){ref-type="supplementary-material"}). The event rate in the missing population (0.82 per 100 person-years) was similar or a bit lower compared with that in the study population (1.15 per 100 person-years), while the missing population had a lower mean (SD) age (67.6 \[12\] years) and slightly lower CHADS~2~ score (1.4 \[1.2\]) than the study population. Furthermore, we performed multiple imputation analysis with 20 imputations and shared frailty analysis, which showed similar results (data not shown). These findings indicate that missing data and differences in the registries do not seem to affect the main results.

Discussion {#H1-4-ZOI200142}
==========

Major Findings {#H2-6-ZOI200142}
--------------

This study found that previous stroke, advanced age (defined by cohorts aged 75-84 years and ≥85 years), hypertension, type of AF (persistent or permanent), and BMI of less than 18.5 were significant, independent risk factors associated with ischemic stroke in Japanese patients with NVAF. Notably, type of AF (persistent or permanent) and low BMI, neither of which is included in CHADS~2~ scores, were found to be novel risk factors associated with ischemic stroke. These risk factors may be useful for identifying Japanese patients with NVAF who are at risk for ischemic stroke.

Risk Factors in CHADS~2~ Score {#H2-7-ZOI200142}
------------------------------

Individual Japanese AF registries demonstrated that advanced age (≥75 years), low body mass (BMI \<18.5), previous stroke, heart failure, kidney dysfunction, anemia, and persistent or permanent AF are among the risk factors associated with ischemic stroke.^[@zoi200142r7],[@zoi200142r8],[@zoi200142r9],[@zoi200142r10],[@zoi200142r11]^ Our previous pooled analysis from the J-RHYTHM Registry, Fushimi AF Registry, and Shinken Database in patients not treated with OAC (3588 patients) showed that age 75 years or older, hypertension, and previous stroke or transient ischemic attack were risk factors associated with ischemic stroke, but neither heart failure nor diabetes was.^[@zoi200142r5]^ The present analysis of the larger number of patients from 5 NVAF registries (n = 12 289) supported this. Importantly, the older cohort (age ≥85 years) was associated with a higher incidence of ischemic stroke than the younger cohort (ages 75-84 years), a result consistent with findings from the Fushimi AF Registry.^[@zoi200142r17]^ This fact is clinically important in societies with a high proportion of older adults such as Japan.

This study found further evidence suggesting neither heart failure nor diabetes was a risk factor associated with ischemic stroke. The Fushimi AF Registry demonstrated that although heart failure at enrollment was not significantly associated with incidence of stroke, patients admitted who experienced heart failure after enrollment, or those with a high BNP (B-type natriuretic peptide) or NT-proBNP (N-terminal pro-B-type natriuretic peptide) level, were at a risk for stroke.^[@zoi200142r18]^ Furthermore, the Hokuriku-Plus AF Registry demonstrated that high BNP level was significantly associated with future thromboembolic events.^[@zoi200142r11]^ These findings strongly suggest that the effect of heart failure on the incidence of stroke is dependent on the stage or severity of heart failure. Objective markers for heart failure, such as BNP/NT-proBNP, would stratify patients with NVAF diagnosed as having heart failure more accurately.

Regarding diabetes, Patti et al^[@zoi200142r19]^ reported a higher risk of stroke or systemic embolism in patients with diabetes receiving insulin treatment compared with those without insulin. Notably, there was no difference in embolic events between patients with diabetes not receiving insulin and those without diabetes. These findings indicate that stratified analysis for diabetes using the pooled database will clearly be required.

The J-RHYTHM Registry showed that hypertension at enrollment is not a risk factor, but a systolic blood pressure greater than or equal to 136 mm Hg at the time closest to the event was associated with the incidence of thromboembolism.^[@zoi200142r20]^ The Fushimi AF Registry showed that a systolic blood pressure greater than 150 mm Hg at enrollment was a risk factor for stroke, although history of hypertension was not.^[@zoi200142r21]^ All these results indicate that blood pressure control is critical for preventing ischemic stroke in patients with NVAF. More detailed and stratified analysis using the pooled data will be of great interest.

Novel Risk Factors for Ischemic Stroke in Japanese NVAF Patients {#H2-8-ZOI200142}
----------------------------------------------------------------

The Fushimi AF Registry previously found that low body weight (≤50 kg) or low BMI (\<18.5) is a risk factor associated with stroke.^[@zoi200142r7],[@zoi200142r22]^ A recent meta-analysis^[@zoi200142r23]^ found that low BMI was associated with an increased thromboembolism risk in Asian patients with AF. More recently, an analysis of the Korean National Health Insurance Service database found that patients with AF and low body weight (\<50 kg) receiving OAC had a higher incidence of ischemic stroke than those weighting 50 to 60 kg.^[@zoi200142r24]^ The present study is consistent with these results, as a low BMI was a significant risk factor associated with ischemic stroke. It should be pointed out, however, that 57 patients with the single risk factor of low BMI had no ischemic stroke event during follow-up. Low BMI may not be a risk factor, but a risk modifier, such as with female sex in CHA~2~DS~2~-VASc score.^[@zoi200142r25]^ Further studies are required to explore this possibility.

Persistent or permanent AF was shown to be associated with an increased risk of ischemic stroke in the Fushimi AF Registry and Hokuriku-Plus AF Registry.^[@zoi200142r8],[@zoi200142r11]^ Furthermore, in the global ROCKET-AF and ENGAGE AF-TIMI 48 trials and recent meta-analysis,^[@zoi200142r26],[@zoi200142r27],[@zoi200142r28]^ patients with persistent or permanent AF had more strokes or systemic embolic events than those with paroxysmal AF. The present results were consistent with those of the global studies, and when the risk for ischemic stroke is assessed, the AF type should be considered.

Lower creatinine clearance has been shown to be a risk factor of ischemic stroke in NVAF patients.^[@zoi200142r9]^ In the present study, the serum creatinine level was used for the analysis and creatinine clearance was not, since the latter is determined in clinical practice by the Cockcroft-Gault equation, which includes both age and body weight, and thus is not considered as a single risk factor. In fact, when creatinine clearance was included as a variable in multivariable analysis, neither creatinine clearance nor low BMI was a significant risk factor. The present results showed that the serum creatinine level was not a significant risk factor associated with ischemic stroke in multivariable analysis. Stratified analysis in kidney dysfunction is therefore warranted.

Limitations {#H2-9-ZOI200142}
-----------

This study has several limitations. First, the results were not prospectively validated by the external data. Second, 3809 patients were excluded because of the missing data. We cannot completely exclude the possibility that the lack of data may have affected the results. However, multiple imputation analysis confirmed our case analysis. Third, the follow-up period was limited to a mean of 649 days. A longer follow-up period would be preferable, but event data and follow-up periods exceeding 730 days were excluded from the present analysis to balance among the registries. Wang et al^[@zoi200142r29]^ found that the ischemic stroke rate in paroxysmal and persistent patients with NVAF without OAC (mean \[SD\] CHADS~2~ score, 1.7 \[1.4\] and 2.1 \[1.5\], respectively) from the Chinese Atrial Fibrillation Registry study was 1.0 and 1.4 per 100 person-years in each, which were quite similar to the present results. In addition, there may be other risk factors or markers for ischemic stroke, such as BNP/NT-proBNP levels and echocardiographic values. Further studies in this area are needed.

Conclusions {#H1-5-ZOI200142}
===========

This cohort study found that previous stroke, advanced age, hypertension, type of AF, and BMI less than 18.5 were independent risk factors associated with ischemic stroke in Japanese patients with NVAF. These risk factors may be useful for identifying patients with NVAF at risk for ischemic stroke.
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